Renal response to metabolic alkalosis induced by isovolemic hemofiltration in the dog  by Borkan, Steven et al.
Kidney International, Vol. 32 (/987), pp. 322—328
LABORATORY INVESTIGATION
Renal response to metabolic alkalosis induced by isovolemic
hemofiltration in the dog
STEVEN BORKAN, THOMAS E. NORTHRUP, JORDAN J. COHEN, and SERAFINO GARELLA
Department of Medicine, Renal Division, Michael Reese Hospital and Medical Center, University of Chicago, Chicago, Illinois, USA
Renal response to metabolic alkalosis induced by isovolemic hemo.
filtration in the clog. We describe a new model of chloride—depletion
alkalosis (CDMA), in which the method of induction of alkalosis does
not itself cause a direct alteration in sodium and fluid balance. We have
used this model, which is based on hemofiltration techniques in the dog,
to study the immediate response of the kidney to the induction of
CDMA. Normal dogs maintained with a NaCl-free diet for several days
underwent hemofiltration of 50 mI/kg over a 35 minute period. The
hemofiltrate was replaced ml for ml with a solution containing sodium
and potassium in the same concentrations as found in each animal's
plasma water. In control animals, the replacement solution contained
chloride and bicarbonate in the same ratio as in the plasma; in the
experimental (CDMA) animals the replacement solution contained
bicarbonate as the only anion. In the control group, the procedure of
hemofiltration coupled with isovolemic replacement caused no appre-
ciable changes in plasma composition, urinary excretion rates, GFR, or
tubular handling of bicarbonate. In the CDMA group, 106 8.4mEq of
chloride were removed in exchange for bicarbonate. A marked meta-
bolic alkalosis resulted, plasma bicarbonate concentration increasing
from 21.9 0.6 to 33.3 0.6 mEq/liter. The hemofiltration procedure
itself, by design, did not alter sodium or fluid balance. Nevertheless,
cumulative urinary sodium excretion increased over 2.5 hours by 23.0
6.4 mEq. A natriuresis of this magnitude is equivalent to a loss of
ECF volume of approximately 200 ml. GFR did not change signifi-
cantly. The rate of tubular reabsorption of bicarbonate increased
significantly from 1209 82 to 1559 148 pEq/min in CDMA animals.
We conclude that: 1) ECF volume contraction is an inherent feature of
CDMA in this dog model; and 2) in the period immediately following the
induction of CDMA, elevated plasma bicarbonate concentration is
maintained not by a fall in GFR, but by an enhancement of tubular
bicarbonate reabsorption.
Whether chloride—depletion metabolic alkalosis (CDMA) is
necessarily accompanied by ECF volume depletion, and
whether some degree of volume expansion, coupled with ad-
ministration of chloride, is necessary to effect its repair through
renal excretion of bicarbonate, remain controversial [1, 21.
Resolution of these issues has been hampered by the difficulty
of inducing CDMA without causing concurrent changes in ECF
volume. Studies in which CDMA was induced by intermittent
drainage of acid gastric secretions followed by replacement of
the removed sodium, potassium, and water suggested that
metabolic alkalosis itself caused the kidney to lose sodium and
potassium [3—5], Experimental models in which CDMA was
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induced with peritoneal dialysis techniques confirmed that renal
losses of cations occur following the induction of alkalosis [6].
These observations led to the hypothesis that some degree of
ECF volume depletion, and consequent renal sodium avidity,
coupled with persistent chloride deficits, was central to the
maintenance of CDMA [5]. That volume contraction is essential
for perpetuating the alkalosis was supported by studies showing
that the administration of isotonic saline solutions with a
chloride concentration equal to or lower than that which
prevailed in the experimental animal resulted in renal retention
of chloride, excretion of excess bicarbonate, and correction of
the alkalosis [7, 8].
More recent observations, in a model of CDMA induced in
rats by peritoneal dialysis with chloride—poor and bicarbonate—
rich solutions, have been interpreted to suggest that ECF
volume contraction is not an inherent feature of CDMA, and
that ECF volume expansion is not necessary to allow the
kidney to correct the alkalosis, so long as chloride is provided
[1. 91.
We have developed a new model of CDMA in which rapid
and reliabl induction of alkalosis is accomplished while rigidly
avoiding even transient changes in sodium and fluid balance.
This model was used in the present study to determine the
immediate renal consequences of CDMA itself, that is, in the
absence of any change in ECF volume due to the method by
which alkalosis is induced. Our observations establish that, in
the dog, the immediate renal response to acute metabolic
alkalosis per se is characterized by a) an abrupt increase in the
excretion of bicarbonate, sodium, and potassium, resulting in
negative external balances of sodium and potassium; and b) an
increase in the absolute rate of tubular bicarbonate reabsorption
without evidence of a fall in GFR.
Methods
Experiments were performed on nine femal mongrel dogs.
Seven to 10 days before the experiment, 250 ml of blood were
collected from each animal, using citrate as an anticoagulant,
and stored in a refrigerator. For four days prior to the experi-
ment all dogs were fed 35 g/kg/day of a diet with low intrinsic
electrolyte content [10]; the diet was supplemented with potas-
sium, 2.5 mEq/kg/day, as the neutral phosphate salt. Following
an overnight fast, anesthesia was induced with sodium
pentobarbital, 25 mg/kg; light anesthesia was maintained with
additional doses of sodium pentobarbital as needed. Ventilation
was controlled throughout the experiment with a Harvard
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respirator connected to a cuffed endotrachael tube, and set to
deliver a minute volume adequate to maintain a normal PaCO2.
Catheters were placed in a brachial vein and in the femoral
artery and vein. Ureters were cannulated through a suprapubic
midline incision. Mean arterial blood pressure was monitored
every 30 minutes with a Tycos aneroid manometer connected to
the femoral artery catheter. A loading dose of creatinine, 20
mg/kg, was administered, and a solution containing 300 mM
mannitol and 14 g/liter of creatinine was begun and continued
throughout the experiment at a rate of 0.5 mI/mm, Ninety
minutes were allowed to elapse before beginning the collection
of urine for three consecutive 30 minute pre-hemoflitration
clearance periods. All clearance periods were bracketed by
arterial blood samples; all blood removed for sampling was
replaced quantitatively throughout the experiment using the
previously collected autologous blood.
Following completion of the third clearance period,
hemofiltration was begun. Figure 1 is a schematic representa-
tion of the experimental arrangement. A Gambro FH 101
hemofilter and connecting lines (Gambro Inc., Barrington,
Illinois, USA) were prepared according to the manufacturer's
directions; the internal (blood) compartment was then primed
with the previously collected autologous blood, and the arterial
and venous lines were connected with the femoral artery and
vein catheters, respectively; the arterial line was inserted in a
roller pump. Heparin, 100 U/kg, was administered intrave-
nously. Following the onset of circulation through the
hemoffiter, a clamp obstructing the hemofiltrate port was re-
moved, and all hemofiltrate was collected anaerobically in a
graduated cylinder. The roller pump was set to deliver blood at
a rate sufficient to produce 50 mI/kg of hemofiltrate in 30 to 35
minutes. During this interval, the hemofiltrate was continuously
and quantitatively replaced, ml for ml, by a replacement solu-
tion. When the desired volume of hemofiltrate was reached, the
extracorporeal circuit was clamped off, and its contents dis-
Creatinine carded. Urine was collected during the one hour period encom-
passing the time of hemofiltration. Three additional 30-minute
clearance periods bracketed by arterial blood samples were
then obtained.
At the onset of hemofiltration, the animals were divided into
two groups that differed in the composition of the replacement
solution employed. In four animals (control group), the replace-
ment solution was made up to duplicate the concentrations of
Na and K present in the plasma water of an arterial blood
sample obtained on the morning of the day preceding the
experiment. The anion equivalents were provided as Cl and
HCO3 in the same ratio as in each animal's plasma. Ventilator
settings in the control animals were not changed during the
experiment. In five animals (CDMA group), the replacement
solution also contained the same concentration of Na and K as
present in each animal's plasma water; however, all anion
equivalents were provided as HCO3. Ventilator settings in the
CDMA animals were manipulated following the onset of
hemofiltration to achieve an increase of 0.8 mm Hg for each
mEq/liter increment in plasma bicarbonate concentration; this
maneuver was employed in an effort to duplicate the spontane-
ous respiratory adaptation known to occur in metabolic
alkalosis [51. Urinary losses occurring throughout the experi-
ment were not replaced. At the completion of the experiment,
the animals were weighed, sacrificed, and the laparotomy
incision was reopened to confirm the absence of bleeding or
ascites formation.
Analytical methods and calculations
Urine and heparinized arterial blood samples were collected
anaerobically and assayed for pH, pCO2, sodium, potassium,
chloride and creatinine concentrations according to methods
previously described [11]. Bicarbonate concentration was cal-
culated from the measured pCO2, using a pK' of 6.1 for blood
and of 6.33 — 0.05 \'ifor urine (where B represents the sum of
the concentration of sodium and potassium in equivalents per
liter). GFR was estimated by exogenous creatinine clearance.
All plasma and clearance data, as well as data used for
calculations of tubular reabsorption rates and fractional excre-
tions, were corrected for plasma water and Donnan factor; a
plasma water correction factor of 0.95 and a Donnan factor of
0.95 for cations and 1.05 for anions were used. All data for renal
function (that is, GFR, excretion rates, and reabsorption rates),
external balances, and body fluid spaces are reported as
normalized for 20 kg body weight. Statistical analyses were
performed using Student's (-test for paired or unpaired obser-
vations, as appropriate for within or between groups, respec-
tively. Statistical calculations were performed by comparing the
average values of each variable observed during the three
pre-hemofiltration clearance periods with those obtained during
the three post-hemofiltration periods ((-test for unpaired obser-
vations). In addition, we calculated the statistical significance of
differences among each post-hemofiltration clearance period in
individual animals (t-test for paired observations). Initial ECF
volume was assumed to be 20% of body weight. External
balances were estimated using standard calculations. The spe-
cific form of the (-test utilized was based on an analysis of
covariance (F test) [121. A P value of <0.05 was considered
significant. All data are reported as Mean SEM.
Quantitative
replacement of
ultrafiltrate
Pump
catheters
— Timed urine sample
Fig. 1. Schematic representation of experimental plan.
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Table 1. Weight and arterial blood composition in both control and
CDMA groups before hemofiltration
ControlN=4 CDMAN=5
Weight kg 19.4 0.8 19.9 1.4
Arterial blood
H nM 40.7 1.3 41.7 0.9
pCO2 mm Hg 32.8 0.8 34.6 0.9
Na mjw 144.0 1.5 143.0 1.0
KmM 3.2±0.1 3.4±0.1
Cl mM 119.7 1.6 119.8 0.5
HCO3 miv 21.3 0.4 21.9 0.6
Hct% 44±1 45±1
Results
No significant differences in body weight or plasma compo-
sition during the pre-hemofiltration period were detected be-
tween the two experimental groups (Table 1). Mean blood
pressure did not change significantly during the experiment in
either group and was not different between groups. Because the
experimental design ensured accurate replacement of hemofil-
trate and of blood withdrawn for sampling, the procedure itself
did not cause changes in external balance of water, sodium, or
potassium in either the control or CDMA group, or of chloride
or bicarbonate in the control group. In the CDMA group the
replacement solution contained only bicarbonate; thus the net
removal of chloride was balanced by an equivalent addition of
bicarbonate. The chloride losses induced by hemofiltration
averaged 106.1 8.4 mEq/20 kg body weight.
Plasma composition and urinary excretion rates
Figure 2 displays the time course of the mean values for
arterial plasma hydrogen ion concentration, pCO2, bicarbonate,
and chloride concentrations for both groups. In the control
group, all values remained remarkably stable throughout the
experiment. By contrast, in the CDMA group, hemofiltration
resulted in changes typical of marked metabolic alkalosis. The
increment in plasma bicarbonate concentration and the decre-
ment in plasma chloride concentration were maximal in the first
post-hemofiltration period. Plasma bicarbonate concentration
decreased, and plasma chloride concentration increased signif-
icantly between the first and the second post-hemofiltration
clearance period, presumably as a result of renal excretion and
of equilibration following the acute changes induced by the
procedure. There were no statistically significant changes in
either of these variables between the second and the third
post-hemofiltration clearance periods. Figure 3 shows the time
course of urinary electrolyte excretion, The urinary excretion
rates of sodium, potassium, and bicarbonate were negligible
throughout in the control group but increased markedly in the
CDMA group; the increases in this group were most pro-
nounced during the one hour period encompassing hemofiltra-
tion, and tended to return progressively towards baseline during
the three post-hemofiltration clearance collections. Chloride
excretion, which was low before hemofiltration, remained at
low baseline values throughout in both groups. An increase in
the rate of urine excretion became apparent promptly after the
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onset of hemofiltration/isovolemic replacement in the CDMA
animals. In this group, the cumulative change in urine volume
by the end of the experiment was 222 28 ml/kg body weight;
this figure represents the negative water balance in this group.
By contrast, no changes in urine excretion rates were observed
in the control group.
The effects of hemofiltration on plasma composition were
analyzed statistically by comparing average values for the three
pre-hemofiltration periods with those for the last three,
posthemofiltration periods (Fig. 4). In the control group, no
significant changes were observed in arterial plasma hydrogen
ion concentration, pCO2, sodium, potassium, or chloride con-
centration. Plasma bicarbonate concentration fell slightly from
21.3 0.4 to 20.2 0.4 mEq/liter. In the CDMA group, plasma
sodium concentration was unchanged; hydrogen ion concentra-
tion, pCO2, and plasma bicarbonate, potassium, and chloride
concentrations all changed significantly. Thus, hydrogen ion
concentration fell from an average pre-hemofiltration value of
41.7 0.9 nEq/liter to a post-hemofiltration value of 34.5 0.5
nEq/liter; concurrently, plasma bicarbonate concentration rose
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Fig. 2. Time course of arterial plasma hydrogen ion concentration,
pCO2, bicarbonate and chloride concentrations for the control (0)and
CDMA (•) groups. Values are mean SEM. Bar labelled H.F.
represents the period of hemofiltration and isovolemic replacement.
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Fig. 3. Time course of urinary electrolyte excretion rates for the
control (0) and CDMA (•) groups. Values are mean SEM, and are
normalized for 20 kg body wt.
GFR and tubular handling of bicarbonate
Figure 5 displays the time course of GFR, and of filtered
(FHCO3) and reabsorbed (RHCO3) bicarbonate in the two
groups. Figure 6 compares pre- and post-hemofiltration data for
the same variables. As can be seen, no statistically significant
differences in GFR were observed between groups, or within
each group between the pre-hemofiltration and the post-
hemofiltration periods. In the control group, GFR averaged 64
2.4 and 59 5.0 ml/min/20 kg body weight before and after
hemofiltration, respectively. Comparable values for the CDMA
group were 56 4.4and 51 4.0 ml/min/20 kg body weight. No
significant differences were detected in GFR among the post-
hemofiltration clearance periods in either experimental group.
The filtered bicarbonate load did not change significantly in the
control group (1362 46 vs. 1168 90 pEq/min/20 kg body wt),
but increased significantly in the CDMA group, rising from 1224
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83 to 1688 107 tEqImin/20 kg body wt. There were no
significant differences in FHCO3 among the post-hemofiltration
values. The mean rate of absolute tubular bicarbonate reabsorp-
tion did not change significantly in the control group (1337 45
vs. 1158 81 jxEq/min/20 kg body wt), but increased by almost
30% in the CDMA animals, rising from 1209 82 to 1559 148
pEq/min/20 kg body wt. Absolute bicarbonate reabsorption rate
during each of the three post-hemofiltration periods was signif-
icantly elevated above control values, and no significant de-
crease was detected over the entire post-hemofiltration inter-
vals. Mean fractional reabsorption of bicarbonate remained
stable in the control group, whereas it decreased significantly in
the CDMA group. The magnitude of the decrement in fractional
bicarbonate reabsorption was greatest in the first post-
hemofiltration period (falling from 99.0 0.3 to 88.8 3.5).
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from 21.9 0.6 to 33,3 0.6 mEq/liter, plasma chloride
concentration fell from 119.8 0.5 to 103.9 1.0 mEq/liter,
and plasma potassium concentration fell from 3.4 0.1 to 2.4
0.1 mEq/liter.
\
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Pre-Hf Post-HF Pre-HF Post-HF
Fig. 4. Comparison of pre- and post-hemofiltration data for arterial
hydrogen ion concentration, pCO2, sodium potassium, bicarbonate,
and chloride for the control (0) and CDMA (•) groups. Values shown
are mean SEM. * P < 0.05 for post- vs. pre-hemofiltration periods
within same group. P < 0.05 for CDMA vs. control group during
corresponding experimental periods.
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Time, mm
Fig. 5. Time course of GFR, filtered bicarbonate (FHCO3), and reab-
sorbed bicarbonate (RHCQ3) for the control (0) and CDMA ()
groups. Values are mean SEM, and are normalized for 20 kg body wt.
Fractional reabsorption increased thereafter: it was still signif-
icantly depressed compared to control during the second post-
hemofiltration clearance period (when it was 92.6 2.8), but
had returned to values not significantly different from control by
the third post-hemofiltration period (when it was 93.4 3.0).
Extracellular volume, external balances and chloride space
Control animals experienced no detectable changes in the
external balance of sodium, potassium, chloride or bicarbonate
because removal of these ions by hemofiltration was accompa-
nied by quantitative replacement, and because renal excretion
was not affected by hemofiltration. In CDMA animals, how-
ever, hemofiltration was designed to produce negative external
chloride balance and a correspondingly positive bicarbonate
balance; as noted previously, the mean replacement of bicar-
bonate for chloride was 106 8.4 mEq. The increased renal
excretion of electrolytes in the CDMA group (Fig. 3) resulted in
cumulative negative external balances of 23.0 6.4 mEq/20 kg
for sodium, and of 12.2 2.1 mEq/20 kg for potassium;
cumulative urinary losses of bicarbonate averaged 29.0 6.1
mEq/20 kg.
Changes in extracellular volume were estimated by chloride
arithmetic. Assuming an initial volume for ECF of 20% body
weight, and assuming no shifts of chloride into or out of cells,
one can estimate the change in ECF volume (chloride space)
from the observed changes in chloride concentration in plasma
water, in conjunction with changes in external chloride balance.
Pre-HF Post-HF Pre-HF Post-HF
Fig. 6. Comparison of pre- and post-hemofi/tration data for GFR,
filtered bicarbonate (FHCO3), and reabsorbed bicarbonate (RHCO3) in
the control (0) and CDMA (S) groups. Values are mean SEM and are
normalized for 20 kg body wt. Statistical significance is indicated by the
same symbols as in Figure 4.
No significant changes were detected in the control group, but
a significant decrease of 409 26 ml/20 kg body wt was
observed in the CDMA group.
Discussion
By combining hemofiltration techniques with quantitative
volume replacement using solutions of defined composition, we
have developed a novel model of CDMA in the dog. In this
model, the procedure results in metabolic alkalosis without
simultaneously increasing or decreasing ECF volume. Using
this procedure, we have been able to study the effects of the
development of CDMA per se on renal function.
Control animals were given a replacement solution during
hemofiltration that had no effect on ECF electrolyte composi-
tion. Observation in these animals revealed that the procedure
of hemofiltration and isovolemic replacement, by itself, had no
discernible effect on renal function or electrolyte excretion.
Experimental animals underwent an identical isovolemic
hemoperfusion protocol, but were given a replacement solution
devoid of chloride and rich in bicarbonate. This procedure
resulted in the selective withdrawal of 106 mEq/20 kg body
weight of chloride and in the substitution of an equivalent
amount of bicarbonate. Despite meticulous avoidance of any
changes in sodium, potassium, and fluid balance attributable to
the hemofiltration procedure itself, a prompt increase in urine
flow rate, coupled with natriuresis, kaliuresis, and bicarbona-
tuna ensued. The urinary losses of water, sodium, potassium,
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and bicarbonate were maximal during the one hour period
encompassing the procedure of hemofiltration/isovolemic re-
placement, after which they diminished progressively (Fig. 3),
approaching baseline values by the end of the study. At that
time cumulative external balance was —23 6.4 mEq for
sodium, and —12.2 2.1 mEq for potassium. The cumulative
change in water balance was 222 28 ml. Despite the negative
external balance of sodium, potassium, and water, which al-
most certainly engendered some decrease in ECF volume, GFR
did not fall significantly in the period immediately following the
induction of CDMA. The stability of GFR, coupled with the
increment in plasma bicarbonate concentration, resulted in an
increase in the filtered load of bicarbonate and in the tubular
reabsorption rate of bicarbonate, which rose by approximately
30% above control values (Fig. 6).
The pattern of urinary excretion induced by this model of
CDMA bears a superficial resemblance to that induced by
NaHCO3 administration. On closer examination, however, two
key differences emerge. First, unlike NaHCO3 loading, our
model of CDMA did not entail volume expansion. Thus, the
natriuresis cannot be ascribed to a volume—mediated alteration
in tubular function [13—16]. Second, the renal response to
NaHCO3 administration culminates in the restoration of normal
acid—base composition because augmented renal excretion of
HCO3 continues until the entire surplus is eliminated. By
contrast, the bicarbonaturia induced by our model of CDMA
began to abate long before plasma bicarbonate concentration
was normalized. It seems reasonable to surmise that the abate-
ment of bicarbonaturia (as well as of natriuresis and kaliuresis)
was a reflection of the increased stimulus to renal sodium
reabsorption consequent to the accumulated volume deficit.
Other studies of CDMA that have employed gastric drainage
or peritoneal dialysis techniques [3, 4, 6] to avoid changes in
ECF volume due to the method of production of alkalosis, have
also reported the development of negative external sodium and
potassium balance due to urinary losses. Neither of these
experimental models, however, yields the clarity of interpreta-
tion offered by the present study. In the first instance, the
negative sodium balance observed following induction of "gas-
tric alkalosis" [3, 4] could well have been explained by the
intermittent episodes of ECF volume expansion unavoidably
produced by the repetitive, acute administration of saline
solutions required over a period of several days to replace the
sodium, potassium, and water losses produced by the gastric
drainage. In the second instance 16], the complexity of the
protocol, which involved instillation and removal of large
volumes of fluid into the peritoneal cavity over several hours,
permits alternative explanations for the relatively small nega-
tive sodium balance observed. The present model avoids even
transient changes in ECF volume due to the method of induc-
tion of the alkalosis and utilizes a much simpler and more rapid
procedure. Thus, our data would appear to provide unequivocal
evidence that CDMA itself causes the development of negative
sodium (and potassium) balance due to urinary losses.
Recent studies of a rat model of CDMA in which the
acid—base disturbance is included in the putative absence of
ECF volume changes have adduced evidence that hyperbicar-
bonatemia is accompanied by a fall in GFR [17]. The decrement
feedback mechanism. The hypofiltration, in turn, by limiting the
increment in the filtered load of bicarbonate, allowed the
alkalosis to be maintained without an increase in the tubular
reabsorption rate of bicarbonate [17, 18]. Other investigators,
however, have demonstrated an increase in tubular bicarbonate
reabsorption in chronic CDMA in the rat [19, 20] and in humans
[21]; in these studies, hypofiltration was either absent [201, or
was not sufficient [19, 211 to obviate an increase in filtered
bicarbonate load. Because our observations were obtained
immediately after the induction of CDMA, they shed no light on
whether a fall in GFR is prerequisite to maintaining CDMA in
the dog. Our data clearly confirm, however, that tubular reab-
sorption of bicarbonate can increase acutely in the dog follow-
ing the induction of CDMA. Furthermore, the failure of GFR to
fall in the immediate post-induction period of CDMA reveals
that a reduction in filtrate chloride concentration does not, by
itself, acutely activate the tubuloglomerular feedback mecha-
nism in the dog.
What relevance do the present observations have for our
understanding of the maintenance phase of CDMA? During
sustained CDMA, plasma bicarbonate concentration remains
elevated, signifying an increase in the renal tubule reabsorption
of bicarbonate relative to that of sodium. It is unclear whether
this change in the relationship between sodium and bicarbonate
reabsorption reflects a reduction in GFR, and hence in bicar-
bonate filtration, enabling the absolute reabsorption rate of
bicarbonate to remain unchanged (or to fall), or whether it
reflects an augmented bicarbonate filtration (such as with stable
GFR), necessitating an increase in the absolute rate of bicar-
bonate reabsorption. Also unsettled is whether extracellular
fluid volume needs to be reduced during chronic CDMA—
implying the need for volume repair to effect renal correction of
the alkalosis—or whether volume status can remain normal,
implying that renal correction can be mediated by a volume—
independent effect of administered chloride. Whereas the pres-
ent observations do not resolve these issues, they do provide
support for the classic view that absolute bicarbonate reabsorp-
tion may be increased in steady—state CDMA, and that volume
deficits may be an inherent feature of this acid—base distur-
bance. Although our observations encompassed a relatively
brief period of time following the induction of CDMA, GFR did
not fall, and absolute bicarbonate reabsorption clearly rose.
Moreover, a significant sodium deficit accumulated, implying a
reduction in ECF volume. That the observed sodium losses
emanated from the extracellular space (rather than from bone or
other sequestered sources) is supported by chloride arithmetic
calculations, which suggest a reduction in ECF volume at least
as large as that signified by the negative external sodium
balance. Clearly, more reliable techniques (such as, sulfate or
mannitol space measurements) will be required to confirm this
finding. Equally clearly, our observations must be extended to
encompass the subsequent steady—state in order to assess
whether GFR falls at a later stage despite its early stability, and
whether the initial sodium and volume deficits are repaired by
retention of dietary sodium (administered without chloride).
The model we have described appears ideally suited for such
extended observations and, hence, for resolving remaining
in GFR was attributed to activation of the tubuloglomerular uncertainties about this important acid—base disturbance.
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